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What is an Urban Forest? 
 Trees, both public and 
private, that make up 
the canopy in an urban 
area
 The urban forest 
provides significant 




Urban Forest Ecosystem Services –
GIFTS!
 Energy Savings 
 Stormwater management 
 Air pollutant uptake 
 Carbon Sequestration 
 Aesthetics and other public value
 Habitat  
The Big Picture 
 Global Insect 
Population Crisis  
 North American Bird 
Population 1 in 4 birds 
gone over last 50 
years 
 Current 6th greatest 
extinction event 
 Climate Crisis 
 Environmental Justice 
and Social Equity 
Distribution of Green Space Often 
not equitable 
 94% of 108 U.S. Urban areas elevated surface 
temperatures in formerly redlined areas relative to non-
redlined neighbors by as much as 7 ◦C 
 Nationally, land surface temperatures in redlined areas are 
approximately 2.6 ◦C warmer than in non-redlined areas.  
 Results in higher heat-related stress and deaths = 
environmental injustice and racism 
Hoffman, J., N. Shandas and V. Pendleton. 2020. “The Effects of 
Historical Housing Policies on Resident Exposure to Intra-Urban Heat: A 
Study of 108 US Urban Areas.”  Climate 8(12): 1-15. 
Description of Benefits of Urban Forest
 Energy: conserving energy in terms of reduced natural gas 
use in winter and reduced electricity use for air conditioning 
in summer.
 Stormwater: reductions in annual stormwater runoff due 
to rainfall interception by trees.  
 Air quality: quantifies air pollutants (O , NO , SO , PM ) 
deposited on tree surfaces and reduced emissions from 
power plants (NO , PM , VOCs, SO ) due to reduced 
electricity use.
Source: U.S. Forest Service, Department of Agriculture.  2018.  i-Tree Streets User's 
Manual v5.0. Retrieved 11/1/2019, from https://www.itreetools.org/support/resources-
overview/i-tree-manuals-workbooks
Green Infrastructure:  
Storm Water Management 
Description of Benefits 
 Carbon dioxide: annual reductions in atmospheric CO2 
due to sequestration by trees and reduced emissions from 
power plants due to reduced energy. The model accounts 
for CO2 released as trees die and decompose and CO2 
released during care and maintenance of trees.
 Carbon stored: tallies carbon dioxide stored in the urban 
forest over the life of the trees as a result of sequestration. 
 Aesthetic/other: presents tangible and intangible benefits 
of trees reflected in increases in property values.
Source: U.S. Forest Service, Department of Agriculture.  2018.  i-Tree Streets User's 
Manual v5.0. Retrieved 11/1/2019, from https://www.itreetools.org/support/resources-
overview/i-tree-manuals-workbooks
Study Site:  
West Chester, Pennsylvania 

Study Site and Data Collection 
 Street Tree Inventory May – November 
2018
West Chester Borough Tree Budget 2018:  
$167,010 
Geodatabase Variables 
 Surveyors walked the streets of West 
Chester Borough and observed:
• Scientific Name 
• Common Name 
• Collection Date 
• Nearest Address 
• Size at Maturity 
• Tree Condition 
• Sidewalk 
• Well Size 
• Overhead wires 
• Diameter at Breast Height 
(DBH) 
• Date planted – Tag number
Street Tree Data Description 
2,823 Total Trees
111 Different Tree Species
1,074 Empty Wells (approximately 28% of total)
What size will the tree be when it is mature?
1,717 Large at Maturity (62%)
577 Medium at Maturity (21%)
474 Small at Maturity (17%)
Are the trees in the right place?
437 Large Trees in Conflict with Wires
204 Small Trees Planted with No Overhead Wires






Energy 142,172 (N/A) 50.34 
CO2 3,800 (N/A) 1.35 
Air Quality 26,265 (N/A) 9.30 
Stormwater 37,072 (N/A) 13.13 
Aesthetic/Other 132,865 (N/A) 47.05 
Total Benefits 342,174 (N/A) 121.17 
Annual Benefits Provided by West Chester Borough 
Street Trees in 2018 calculated by U.S. Forest Service 
i-Tree Street Software  
Stored Carbon Dioxide Benefits and Replacement Value of 
Street Trees in West Chester Borough PA 2018 calculated 
by U.S. Forest Service i-Tree Streets Software 
Replacement Value of Public Trees by Zone
DBH Class(in)
Zone 0-3 3-6 6-12 12-18 18-24 24-30 30-36 36-42 > 42 Total
Zone 1 57,675.63 220,484.41 931,949.55 1,562,703.41 2,239,503.11 2,369,573.76 2,456,144.61 1,775,729.16 1,809,912.97 13,423,676.60 
Citywide Total 57,675.63 220,484.41 931,949.55 1,562,703.41 2,239,503.11 2,369,573.76 2,456,144.61 1,775,729.16 1,809,912.97 13,423,676.60 
Stored CO2 Benefits of Public Trees by Zone
Zone











Zone 1 15,142,693.55 49,970.89 (N/A) 100.00 100.00 17.70 
Citywide total 15,142,693.55 49,970.89 (N/A) 100.00 100.00 17.70 
Results 
 Total 2018 Benefits of $342,174 as compared to 
2018 Tree Budget of $167,010 = $2.05 of benefits 
for every $1 invested  
 Tree Budget includes both park and street trees 
while benefit evaluation only includes street trees 
 Simplistic calculation does not consider stored 
carbon 
 Aesthetics benefits are a gross underestimation and 
do not include health-related and habitat outcomes 
West Chester Borough PA  









Large Medium Small Large Medium Small
Tree Size and Overhead Wires
Wires No Wires
Tree Well Size and Soil 
 Well size and associated growing space preferably as 
big as canopy 
 Trees communicate via pheromones and mycorrhizal
networks 
 Trees share resources and support each other  
 Soil life/microbiota critical to tree survival and 
function 
 Feed the soil microbiota – compost, biochar
West Chester Borough, PA 
Urban Forest Tree Well Size 
 Does the tree fit its well?
 2,945 Adequate Well Size
 400 Tree Well Size is Too 
Small
 553 Unknown what is Well 
Size 
Market District Tree Well Study
 High Density downtown regions are where trees 
suffer the most
 Heat island effect from the concrete jungle can be 
as much as 10 degrees warmer than surrounding 
regions.




 Not surprisingly larger tree 
wells had healthier trees
 5x5 tree wells were most 
prevalent and had 
relatively healthier trees
 Larger abnormal wells had 
the healthiest trees
Curving our sidewalks will help 
prolong the life span….
Innovations in design
Maximizing soil volume
 Most urban trees have 
75 cubic feet of available 
soil volume.
 An average mature tree 
in the urban forest with a 
50’ canopy diameter 
requires 4000 cubic feet 
of soil volume to thrive.
Future Solutions?
 New soil volume requirements included in SALDO 
revisions for the Market District.
 Soil Cell requirements for dense urban setting.
 Improve the soil volume while limiting infrastructure 
damage.
 Improved greenspace design.
Silva Cell System
West Chester Borough Street Trees: 
Equitably Distributed?
 Address the issue of 
environmental justice and 
racism 
 Is access to environmental 
goods, public trees, 
equitably distributed?  
 Address social equity by 
increasing urban forest 
cover in neighborhoods 
with less canopy cover 
Conclusions
 Public trees are an essential part of urban infrastructure
 Investing in planting and maintaining urban forests reaps 
significant ecosystem services 
 Maximize benefits by planting native, right size tree in 
adequate size tree well with healthy soil distributed 
equitably across all neighborhoods
 To address ecological crises, native trees provide critical 
habitat for declining insect and bird populations
 Trees capture and sequester carbon and address climate 
change challenges  - Restoration of temperate forests #12 
in ‘Drawdown’  
Conclusions:  Future Goals for West 
Chester Borough Urban Forest 
 Increase total tree canopy cover to at least 40% (Nowak 
and McPherson, U.S. Forest Service) 
 Increase public tree plantings in neighborhoods with lower 
tree canopy cover 
 Manage trees to maximize benefits/tree success – tree 
wells, right tree for right place 
 Create greenspace corridors integrated into the built 
environment
 Identify locations to implement ‘Miyawaki’ method of 
forest restoration   
Green Space Corridors
Integration of our greenspaces with storm water management and 
recreational regions to create an ecologically functional system.
Better Greenspace Design
-We don’t need to live in a world of right angles
The March to 40% Canopy Coverage
“The creation of a thousand forests is in one acorn”
Ralph Waldo Emerson
 We have doubled our 
planting efforts to 200 
trees per year.
 Focus on mass planting 
one region to maximize 
local benefit.
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